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(57) Abstract 

The present invention concerns a method for producing microlenses of silicon, in the course 
of which a precursor coating structure is produced which, under the influence of heat in a solvent b 
atmosphere, then flows so that it takes on the desired lens form. First, a coating of photosensmve . r.. _ ; 
lacquer (4) of a defined thickness is applied to the entire surface of the substrate (1) using spm-oa 
deposition. Subsequently, a tempering process is used to remove, the major part of the solvent 
from the coating. A mask (5) is placed on the -hardened coating of lacquer (4). In the embodiment 
chosen here, the mask has a circular form so that the it defines cylindrical areas in the coating ; out 
of which the lenses will later be formed. The coating of lacquer (4) covered by the mask (5) is 
subjected to light of a suitable wavelength so that the areas of the coating layer (4) not covered c 
form the exposed zone (8) of the coating of lacquer (4) and the areas covered by pie mask (5) 
form the zone of the coating not exposed to light (9). The substrate (1) covered with the coating 
structure (6) is subsequently subjected to a controlled solvent atmosphere at a high temperature, 
70 °C, for example. 

•■ ■ 

■ .» 

(57) Zusammenfassung ^ 

Es wild ein Verfahren zur Herstellung von Mikrolinsen in Silizium vorgeschlagen, wobei 
cine Vorlauferlackstruktur hergestellt wird, welche sodann unter Einfluss von Warme in einer 

i jvnmocmittelatmosDhare so weit verlauft, .dass sie die gewtinschte Linsenform.annimmt^ Zunachst-^ , - ^ . _ : c 

'STS r£ ™M$ £»zMM g <luTcU Aufschleudem eine Lackschicht (4) aus Photolack mi. definierter Dicke 
AnTcw"essend winl dem Lack .durch einen Temperprozess der grisstc Tcil des LOsungsmittels entzogen. Auf die gehartete Lacksch.cht 
Wwte eine MaVkc (5) aufgelegt Die Maske wrist im hier gewahlten AusfOhrungsbeispiel eine Kreisfom, auf sc .dass ; s.e .m Lack 
Sinde^igeBe^icbe definiert; aus welchen spater die Linsen geform, werden. Dicker ■M*W ^^^gtSSSli& 
einer ceeieneten Wellenlange ausgesetzt, so dass die exponierten Bereichc den Lackschicht (4) den behchteten Teil (8) der Lackschicht (4) 
unTdieTor ^d^Se ffi bedeckL Bereiche den unbelichteten Teil (9) der Lackschicht (4) Widen. Das Substrat ( 1 ) m.t darauf tefindhcher 
Ucksuukt"^ (6) Sd nun bei erhflhter Temperatur. beispielweise 70 'C, einer kontrollierten Lasungsmittelatmosphare ausgesetzt. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows worc i which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

Level of the manufacture method engineering of the optical induction structure The method of 
already manufacturing the optical induction structure from the paper "The manufacure of 
microlenses by melting photoresist" of a periodical, J.Meas.Sci.Technol.l in 1990, and p.759ff is 
well-known. In this case, the optical induction structure is the so-called micro lens given on the 
substrate. This micro lens is used for example, by the photograph electro nick. 
In this case, photosensitive lacquer (Photolack) is applied to a substrate, for example, a semi- 
conductor substrate, and this photosensitive lacquer is the phot lithography approach at the following 
process, and it is structured so that a small lacquer cylinder object may appear and remain in a 
substrate front face. This lacquer cylinder object is heated to the melting point of photosensitive 
lacquer so that small lens-like upheaval may be formed on a substrate front face, taking into 
consideration the surface tension of the lacquer which carries out melting initiation. However, this 
approach has the fault that photosensitive lacquer loses a solvent in a melting process, and changes 
that chemical consistency based on required high temperature. This produces the gap from desired 
target structure in the case of formation on the front face of a lens. This produces the image 
formation aberration which may deteriorate the function of optical system. Furthermore, in case 
photosensitive lacquer is a melting process, the photosensitivity is lost according to a temperature 
operation. Therefore, the further structuring process after manufacture of a micro lens is already 
impossible. Finally, the optical property especially refractive index, and absorption coefficient of a 
lens ingredient are made to change again by temperature, and this has a bad influence on the optical 
quality of an optical induction system similarly. 

Advantage of invention The approach by this invention which has the description of the description 
section of the claim which is not subordinate has the advantage that a micro lens can be 
manufactured within the limits of [ very big ] an optical parameter, to it. If photosensitive lacquer 
does not continue not changing chemically during lens formation and it pulls, it is regarded as 
advantage with another maintaining structuring possibility again. Therefore, the optic manufactured 
using the approach by this invention can be structured at the further process after manufacture. 
Furthermore, this especially approach is cheap. It is mentioned to the last as an advantage that the 
approach by this invention makes it possible to manufacture the optic which has high surface quality 
and a desirable form especially. For example, if the approach by this invention is used, the lens of a 
globular form ideal which is in near remarkably can be manufactured. 

The further advantageous configuration and amelioration of the approach indicated with the means 
indicated by the subordination claim by the claim which is not subordinate are possible. It is 
advantageous especially to harden photosensitive lacquer on a heat plate such. It is because this 
approach becomes easy especially by this. 

It is especially prominent as the mild approach of softening the lacquer structure to soften a 
photosensitive lacquer layer by heat-treating within a solvent ambient atmosphere at the temperature 
raised slightly. Furthermore, the uniform solvent distribution inside the lacquer structure is caused by 
this approach, and this distribution is committed especially in favor of an ideal lens form. 
Based on the formation at [ the ] every predetermined range, a lens can be manufactured to a guided 
wave object and a pan again. 

According to the advantageous embodiment of this approach, the lacquer structure can be given to 
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the ridge in a substrate. In this case, the dimension of the longitudinal direction of a ridge chooses or 
from the longitudinal direction dimension of the lacquer structure greatly a little. By swelling, 
lacquer wets a ridge and expands the longitudinal direction dimension to the longitudinal direction 
dimension of a ridge slightly. By preparing a ridge, especially precise maintenance of a 
predetermined dimension is possible. 

If the lacquer layer which structures a ridge from a substrate ingredient and is useful at a next 
process also for manufacture of the lacquer structure for structuring of a parenthesis is manufactured, 
especially this manufacture approach is rational and easy. 

Drawing The example by this invention is shown in the drawing, and is explained to a detail in the 
following publications. In drawing 1 a-d, the 1st manufacture approach of a micro lens and drawing 
2 a-d show the 2nd manufacture approach of a micro lens. 

Explanation The 1st manufacture approach of the micro lens to the silicon substrate top per a- Id of 
drawing 1 is shown. 

The starting point for this approach is the substrate 1 which should give a micro lens, a substrate 1 ~ 
the electrical and electric equipment, a micro optic, or the OPUTOE theque — fatty tuna — although 
you may be a nick circuit, you may consist of single crystal silicon like the example chosen here 
again. The substrate 1 which serves as the start structure is shown in drawing 1 a. 
First, the lacquer layer 4 which consists of photosensitive lacquer which has the thickness 
extensively specified by ****** on the substrate 1 is applied. Alternatively, spreading can also be 
performed by being immersed in lacquer. As lacquer, AZ4562 of Hoechst A.G. (Hoechst) can be 
adopted, for example, and this is diluted based on a specification using a solvent AZ1500. Then, heat 
treatment removes most solvents from lacquer. 

A mask is put on the hardened lacquer layer 4. In the example chosen here, since this mask has a 
round shape, this forms a cylindrical field within lacquer and a lens is formed from this field later, 
the field where the lacquer layer 4 covered with the mask 5 was put to the light of suitable 
wavelength, and the lacquer layer 4 was exposed by that cause — the exposure part 8 of the lacquer 
layer 4 — and the field covered with the mask 5 forms a part for the non-exposed area 9 of the 
lacquer layer 4. Drawing 1 b shows the substrate 1 which is after exposure and was equipped with 
the lacquer layer 4 before removing a mask 5. 

Drawing 1 c removes the part 8 which showed the substrate 1 after termination of the following 
process, and removed the mask 5 at this process, and the lacquer layer 4 exposed succeedingly by the 
dissolution. In this case, using the developer of metal ion non-** is recommended. It, that is, this 
developer are because the photosensitive lacquer structure which remains behind is processed 
especially mildly. Now, the amount of [ of the lacquer layer 4 / 9 ] non-exposed area forms the 
lacquer structure 6. A substrate 1 is put to the solvent ambient atmosphere adjusted for about 45 
minutes at an elevated temperature, for example, 70 degrees C, with the lacquer structure 6 on it. 
Under the present circumstances, a solvent invades in lacquer, thereby, it softens and the lacquer 
structure 6 flows. Based on surface tension, the globular form (almost) lens 7 is formed on a 
substrate 1 as shown in drawing 1 d. 

Unlike the approach belonging to a Prior art, in order to manufacture a lens 7 from the lacquer 
structure 6, clearly low temperature can be used for the approach by this invention. A lens ingredient 
is mildly processed by low temperature, as a result has an optical property good again in a high 
surface quality list with it. However, the approach by this invention is not restricted to use of 
photosensitive lacquer. It is possible similarly to use the plastics which can be softened in ****** in 
transparence, for example, polyimide, and it has intention. 

a-2d of drawing 2 showed the option of a micro lens, and they gave the same reference designator to 
the same component of the intermediate product of each in that case also in drawing 1 . 
This approach leaves the silicon substrate which has the step 3 which restricts a ridge 3. 
The substrate 1 equipped with the step 2 shown in drawing 2 a can be manufactured by covering 
photosensitive lacquer, for example to a flat substrate, and subsequently, it structures said lacquer so 
that the field which does not cover the next ridge 3 may be removed. Then, subsequently, a surface 
layer is exfoliated from a substrate and the field where lacquer was not removed at that time protects 
the remaining part on the front face of a substrate. After removing the remaining lacquer, the 
substrate 1 which has the step 2 as shown in drawing 2 a remains behind. 
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Drawin g 2 b shows the substrate 1 shown in drawing 2 a after being covered with the lacquer layer 4. 

Drawin g 2 c showed the intermediate result after structuring the lacquer structure 6, the following 
process 4, i.e., lacquer layer, and drawing 1 already indicated this structuring at that time, the lacquer 
structure 6 — a ridge 3 top — being located — and the ridge 3 — a little — or — it has a small 
dimension, the ridge 3 of the lacquer structure 6 is also round — small — the base of an ellipse form — 
it has a profile. 

The intermediate product shown in drawin g 2 d is also put a little to or and the solvent ambient 
atmosphere adjusted at the raised temperature, as drawing 1 d already explained. This solvent 
invades into the lacquer structure 6, and, thereby, the viscosity of an ingredient is made to fall. The 
lacquer structure flows and expands the diameter to the diameter of a ridge. Also in this case, the 
lacquer structure forms a round shape based on that surface tension, and the lens which has the base 
of an ellipse form slightly realizes it in this example in that case. 

By existence of the ridge of ****, a lens diameter and a lens form are given regardless of a diffusion 
parameter and a flow parameter. 

The micro lens 7 fabricated from the photosensitive lacquer shown in drawing 1 d and 2d can be 
used as an optical element. However, it is also possible to manufacture the lens which consists of a 
substrate ingredient by exfoliating together with the substrate ingredient located in the bottom of it in 
the lens 7 fabricated from photosensitive lacquer. In this case, the approach of exfoliating a substrate 
ingredient and photosensitive lacquer in the almost same etch rate is used. Etching using a reactant 
ion beam is such an approach, for example. 

However, the approach by this invention is not restricted only to the lens as the optical induction 
structure. In order similarly to manufacture the approach by this invention to a light pipe therefore 
and to manufacture a long and slender transparent body on a substrate, it also has the intention of 
adopting. 

The approach expressed to a-2d of drawing 2 can be further simplified by adopting for manufacture 
of the same lacquer layer of a ridge 3 and the lacquer structure 6. For this purpose, a photosensitive 
lacquer layer is given to a substrate without a ridge, and the 1st lacquer structure which has the 
dimension of the longitudinal direction of a ridge from this lacquer layer is structured. This 1st 
lacquer structure serves as a mask for exfoliation of a substrate. After manufacture of a ridge, the 
2nd slightly small lacquer structure can be manufactured by the case from the 1st lacquer structure, 
and the intermediate product again shown in drawing 2 c by that cause is reached. The advantage of 
this amended approach is in a small number of lacquering cloth routing counters. 
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CLAIMS 



[Claim(s)] 

1. In Substrate (1) and Method of Manufacturing Radiation Induction Optical Element on Integrated 
Optics Configuration Member Especially The following processes: a photosensitivity lacquer layer 
(4) is applied on a substrate (1). b photosensitivity lacquer layer (4) is stiffened, c photosensitivity 
lacquer layer (4) so that the lacquer structure (6) may arise It exfoliates to a predetermined field. It is 
the lacquer structure (6) by heat-treating e solvent within the ambient atmosphere which carried out 
enrichment. 

it is made to soften f lacquer structure (6) is dried, from — the manufacture approach of the radiation 
induction optical element characterized by becoming. 

2. Approach according to claim 1 which exfoliates field covered with the lacquer structure (6) of 
substrate at least, and is characterized by choosing exfoliating method in that case so that 
photosensitive lacquer and substrate may exfoliate at the same exfoliation rate. 

3. Approach according to claim 2 characterized by exfoliating by reactive ion etching. 

4. Approach given [ to claims 1-3 ] in any 1 term characterized by carrying out by heat-treating 
hardening at temperature suitable for dismissal of solvent in air. 

5. Approach given [ to claims 1-4 ] in any 1 term characterized by performing exfoliation of 
photosensitive lacquer by etching using developer of metal ion non-**. 

6. Approach given [ to claims 1-5 ] in any 1 term characterized by performing heat treatment at 
temperature raised slightly. 

7. Approach given [ to claims 1-6 ] in any 1 term characterized by choosing mostly as linearity 
predetermined field which remains after photosensitive lacquer layer's exfoliating. 

8. Approach given [ to claims 1-7 ] in any 1 term which characterizes round shape predetermined 
field which remains after photosensitive lacquer layer's exfoliating, and is mostly characterized by 
choosing it as circular or ellipse form especially. 

9. Approach given [ to claims 1-8 ] in any 1 term which is made to form on substrate step (2) which 
restricts ridge (3), and is characterized by ridge surrounding predetermined field in that case. 

10. The approach given [ to claims 1-9 ] in any 1 term characterized by making a step form before 
applying photosensitive lacquer. 

11. The approach given [ to claims 1-10 ] in any 1 term characterized by exfoliating partially at least 
in the field where photosensitive lacquer was exposed by the image formation of a ridge, and the 
outside of a ridge was exfoliated, and the photosensitive lacquer layer exfoliated the substrate. 

12. The method given [ to claims 1-11 ] in any 1 term of performing heat treatment within the 
ambient atmosphere saturated with a solvent. 

13. The approach given [ to claims 1-12 ] in any 1 term characterized by heat-treating at about 70 
degrees C. 
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